We reviewed the clinical characteristics, required intervention and short-and long-term outcomes in obstructive sleep apnoea (OSA) patients requiring intensive care. A retrospective, single-centre, observational cohort study was undertaken in a multidisciplinary teaching medical and surgical intensive care unit. Adult patients with OSA (apnoea-hypopnoea index of 5 or higher) requiring intensive care from January 2000 to January 2005 were included. Thirty-seven OSA patients (age: 58±14 years, male:female 27:10) were admitted due to respiratory (n=12, 32%), cerebrovascular (n=8, 22%), cardiovascular (n=16, 43%) and infectious events (n=1, 2.7%). Comparing the clinical features, polysomnographic data and outcome among these groups, we found that OSA patients admitted due to respiratory events had significantly higher Acute Physiology and Chronic Health Evaluation II scores, lower arterial blood gas pH, higher PaCO 2 , a higher incidence of respiratory failure (92%) and required non-invasive ventilation after extubation (73%), and higher intensive care unit readmission rates than patients admitted due to cerebrovascular events and cardiovascular events (P <0.05). No difference was found in the in-hospital and long-term mortality rate.
Obstructive sleep apnoea (OSA), defined as the presence of at least five obstructive events (apnoeas and hypopnoeas) per hour during sleep, is an increasingly recognised public health problem affecting up to 4 to 6% of all middle-aged men and 2% of middle-aged women [1] [2] [3] . The pathophysiological mechanisms of OSA are characterised by repetitive obstruction of the upper airway, often resulting in oxygen desaturation, reoxygenation, occasionally marked negative intrathoracic pressure and central nervous system arousal 4 . Under long-term exposure to these acute stressors, patients with OSA have increased risks of hypertension [5] [6] [7] , heart failure [8] [9] [10] , pulmonary hypertension [11] [12] , cardiac arrhythmias [13] [14] , ischaemic heart disease [15] [16] , stroke and death [17] [18] [19] .
Some of these complications are life-threatening and would probably require intensive care. In addition, patients with OSA often have comorbidities, such as chronic obstructive pulmonary disease (COPD) and asthma 20 , and these would aggravate and complicate the pulmonary conditions when OSA patients develop acute respiratory failure 21 . Thus, early portable polysomnography was suggested for the accurate diagnosis and institution of the appropriate ventilation method 22 . However, there are no reported clinical data regarding the characteristics and outcomes of OSA patients requiring intensive care. Although continuous positive airway pressure was recommended for patients with severe OSA, the role of non-invasive ventilation (NIV) for the facilitation of extubation for OSA patients with acute respiratory failure was not validated 23 .
In this study, we reviewed a series of critically ill OSA patients admitted to our intensive care unit (ICU). Our objectives were as follows: 1) to describe the characteristics of OSA patients requiring ICU care, 2) to assess the required intervention, and 3) to determine the short-term and long-term outcomes.
MATERIALS AND METHODS

Study population
From the database of the Center for Sleep Medicine of China Medical University Hospital, we located 2785 patients who had undergone overnight polysomnography from January 2000 to January 2005. Among this cohort, 37 patients (1.3%) were diagnosed with OSA and were admitted to the ICU. We retrospectively analysed the collected data for the 68 admissions of the 37 enrolled patients. China Medical University Hospital is an 1800-bed tertiary, urban, university hospital in Taichung, Taiwan. It has a 44-bed medical ICU, 22-bed surgical ICU and 11-bed neurosurgical ICU providing care to critically ill medical, surgical and obstetrical patients. The study was approved by the institutional review board of this hospital. OSA was defined as having an apnoea-hypopnoea index of five or higher (five or more events per hour of sleep). The diagnosis of OSA was already established in all enrolled patients before ICU admission.
Data collection
For each patient, the following data were recorded: age, gender, body mass index, clinical features, polysomnographic data, admission diagnosis, Acute Physiology and Chronic Health Evaluation (APACHE) II score 24 , complete blood counts, biochemistry data, comorbid conditions (presence of underlying diseases such as chronic hypertension, diabetes, HIV infection, asthma, others), arterial blood gas, use of mechanical ventilation, NIV or continuous positive airway pressure, presence of shock, ICU length of stay and outcome. Shock was defined as a reduction of 40 mmHg of systolic blood pressure from baseline, despite adequate fluid resuscitation, along with the presence of perfusion abnormalities that might include oliguria, lactic acidosis or acute altered mental status. Invasive or non-invasive ventilation use was based on the judgement of the attending physicians at the emergency department or ICU. In general, NIV was used first. However, invasive ventilation was definitely used when patients had haemodynamic instability, altered mental status and life-threatening gas exchange abnormalities. NIV was also applied in patients with post-extubation respiratory failure or for the facilitation of extubation in patients with acute respiratory failure due to COPD exacerbations 25 .
Polysomnography
Polysomnography had been performed in all patients using standard polysomnographic techniques 26 . During polysomnography, the following parameters were monitored: two electroencephalography measurements (C4-A1, C3-A2), one electroculogram (eye movement), chin electromyography, leg electromyography, electrocardiography, oxygen saturation (S a O 2 ), chest and abdominal wall movements, two air flow signals (nasal prong pressure and thermistor), sleep position and a microphone for snoring. Analysis and scoring of the electronic raw data were done manually, page by page, evaluating time in bed, total sleep time, sleep stages and the arousal index according to standard criteria [27] [28] . Apnoea was defined as total cessation of airflow at the nose and mouth for at least 10 seconds. Hypopnoea was defined as transient reduction of airflow more than 50% for at least 10 seconds using a nasal prong pressure flow signal. The apnoea-hypopnoea index (AHI) was defined as the number of apnoeas and hypopnoeas per hour of sleep.
Statistical analysis
The data were compiled and analysed by using commercial statistical software (SPSS for Windows, version 13.0, Chicago, IL, USA). The continuous variables between the three groups (respiratory events, cardiovascular events and cerebrovascular events) were expressed as mean ± standard deviation and compared using one-way analysis of variance. Multiple comparison tests with the Scheffe method were used when P <0.05, by oneway analysis of variance. Categorical variables were reported as a percentage and compared using chisquare or Fisher's exact test when appropriate. A P <0.05 was considered statistically significant.
RESULTS
During the five-year interval, 2785 participants underwent nocturnal polysomnography in the Center for Sleep Medicine of China Medical University Hospital. Of these, 37 patients (1.3%) were diagnosed with OSA and subsequently required admission to the ICU. The 37 enrolled patients included 27 men (73%) and 10 women (27%), with ages ranging from 29 to 87 years (mean 8.2 years). The clinical features, APACHE II scores, underlying diseases and baseline polysomnographic data of the 37 OSA patients are listed in Table 1 . Among the enrolled 37 patients, 17 were admitted to the ICU two or more times: one patient was admitted to the ICU six times, three patients were admitted four times, four patients were admitted three times and nine patients were admitted twice. In our study, the most common reasons for first-time ICU admission were hypercapnic respiratory failure (n=9, 24.3%), followed by haemorrhagic stroke (n=6, 16.2%), congestive heart failure (n=5, 13.5%) and aortic dissection (n=5, 13.5%). We further classified these into four groups and found that cardiovascular events (n=16, 43%) were the major causes of ICU admission, as shown in detail in Table 2 . Due to the small number (one patient) in the infectious event group, we excluded this patient from further analysis.
Comparing the clinical features, comorbidity and laboratory data between patients admitted due to respiratory events (n=12, 32%), cerebrovascular events (n=8, 22%) and cardiovascular events (n=16, 43%), as listed in Table 3 , we found that there were no differences in gender, age, smoking, complete blood count, serum C-reactive protein, blood urea nitrogen, creatinine, albumin and aspartate aminotransferase. Those patients admitted due to respiratory events had higher APACHE II scores than those with cardiovascular events (P=0.027).
As shown in Table 4 , we also compared the baseline polysomnographic data between the three groups and found that there were no significant differences in AHI, mean S a O 2 and minimum S a O 2 . Although patients admitted due to cardiovascular events seemed to have a lower AHI, this did not reach statistical significance (P=0.08). In comparing the arterial blood gas data obtained on the first day of ICU admission, patients admitted because of respiratory events had a significantly lower pH level (7.23±0.09) and higher P a CO 2 (76.6±29.2 mmHg) than the other two groups (P <0.05).
Among the 37 enrolled OSA patients admitted to ICU, no patient died during the first-time admission. However, eight patients (21.6%) died in the two-year follow-up. Further comparing the complications, interventions and short-and longterm outcomes among the three groups (Table 5), we found that patients admitted due to cardiovascular events had a lower incidence of acute respiratory failure (31%) than the other two groups. Patients admitted due to respiratory events had the highest usage of requiring NIV after extubation (73%, P <0.05). Although there were no significant differences in length of ICU stay and two-year mortality rate among these three groups, patients admitted due to cerebrovascular events had higher total lengths of hospital stay (40.1±23 days, 
DISCUSSION
To our knowledge, this is the first retrospective study focusing on clinical characteristics and outcomes of OSA patients requiring intensive care. Our study showed that the primary reasons for the first-time ICU admission of 37 OSA patients were cardiovascular events (n=16, 43%), followed by respiratory events (n=12, 32%), cerebrovascular events (n=8, 22%) and infectious events (n=1, 3%). No patient died during the first-time ICU admission, but eight patients (21.6%) died in the two-year follow-up. The clinical variables of the patients admitted due to respiratory, cerebrovascular and cardiovascular events showed no significant differences in age, gender, body mass index, AHI, mean S a O 2 , minimum S a O 2 , laboratory data, length of ICU stay and in-hospital and two-year mortality rate. However, patients admitted due to respiratory events had a significantly higher incidence of requiring NIV after extubation and higher ICU readmission rates than the other two groups (P <0.05).
Although it was difficult to distinguish the independent effects on the development of cardiovascular disease in OSA patients, the role of OSA in causing various types of cardiovascular disease is evident. Through several stressors, including hypoxaemia, increased sympathetic drive, acute surges in blood pressure and the mechanical effects of intrathoracic pressure swings, patients with OSA may experience varying levels of myocardial oxygen supply and demand 4 . Because of these mechanisms, previous studies were able to further prove that OSA had a strong association with heart failure, myocardial infarction and cardiac arrhythmias [13] [14] [15] [16] 29 . In our study, cardiovascular events (n=16, 43%) were also the most common reasons for ICU admission. In particular, five OSA patients (13.5%) were admitted due to aortic dissection. Although there was little evidence of the association between OSA and aortic dissection, one paper documented that patients with thoracic aorta dissection presented a high prevalence of previously undiagnosed and frequently severe OSA 30 .
Severe OSA patients admitted to the ICU for hypercapnic respiratory failure were first described by Fletcher et al 21 . They termed the condition "near miss death", and found that OSA patients with concomitant COPD or hypercarbia and hypoxaemia are more prone to develop severe respiratory failure and probable death than those with apnoea alone. Recently, BaHammam et al assessed the clinical and polysomnographic characteristics of patients with sleep-related breathing disorders who presented to the ICU with acute respiratory failure, and found that early polysomnography allows an accurate diagnosis and institution of the appropriate ventilation method 22 . In our study, 12 patients (32%) were admitted due to respiratory events; nine hypercapnic respiratory failures (no history of cigarette smoking or pulmonary disease) and three COPD exacerbations. These patients had significantly higher APACHE II scores, lower arterial blood gas pH levels and higher P a CO 2 than patients admitted due to cardiovascular and cerebrovascular events. There was no difference in short-and long-term mortality but patients admitted due to respiratory events had higher ICU readmission rates than the other two groups.
NIV has become an important method of ventilator support in emergency departments and ICUs. It has two major modes of supplying support: bilevel positive airway pressure and continuous positive airway pressure. In evidence-based studies, NIV was beneficial for various types of acute respiratory failure, including COPD exacerbations, the facilitation of extubation of COPD, cardiogenic pulmonary oedema and in immunocompromised patients. In our study, eight patients (73%) were admitted due to respiratory events suffered from post-extubation respiratory failure, but all of them were successfully supported by NIV. Further study would be required to validate the efficacy of NIV for the facilitation of extubation in OSA patients presenting with hypercapnic respiratory failure.
The major limitation of this study was its retrospective nature and relatively small sample size. Therefore, a large, randomised, prospective trial for further investigation is necessary.
In conclusion, this study showed the clinical characteristics and outcomes of OSA patients requiring intensive care. The most common reasons for ICU admission were cardiovascular events, followed by respiratory events and cerebrovascular events. The baseline polysomnographic data of OSA patients were not correlated with their clinical features and outcomes in the ICU. A more complicated clinical course and higher ICU readmission rates were encountered in OSA patients admitted due to respiratory events. Further studies would be required to evaluate the efficacy of NIV for the facilitation of extubation in OSA patients presenting as hypercapnic respiratory failure.
